O f 54 phenotypic characteristics of 83 strains of Ralstonia solanacearum from Japan and overseas, the strains differed in 20 characters. Japanese strains were divided into four biovars (1-4), of which biovars 3 and 4 were common. Japanese biovar 2 strains were different from foreign biovars 2 and N2 strains for the utilization of trehalose, D-ribose, L-tartrate and/or m-tartrate. Eleven strains of Japanese biovar 3 from tobacco and kalanchoe (Kalanchoe sp.) atypically did not utilize inositol. Cluster analysis based on 20 phenotypic characters using the unweighted average pair-group method (UPGMA) on the simple matching coefficient showed seven clusters at 78% similarity. Biovars 3 and 4 were phenotypically homogeneous, and each grouped into a single cluster. On the other hand, strains in both biovars 1 and 2 were each divided into two clusters, one with the Japanese strains and the other with the overseas strains. The host of the strains in each cluster and biovar was different, and the strains isolated from plants other than solanaceous crops belonged to biovars 3 and 4.
INTRODUCTION
the test was Ayers agar1). The concentration of sugars and organic acids was 1% and 0.2%, respectively. Nitrate reduction was determined on nutrient agar slants containing 0.1% KNO3 after 2 and 4 days of incubation. Tobacco hypersensitivity was assayed by the method of Lozano and Sequeira17), and the reaction was recorded at 24, 48 and 72hr. Other physiological tests were carried out as recommended in a standard laboratory manual20,28).
Cluster analysis Eighty-three strains of R. solanacearum were used for cluster analysis based on 20 phenotypic characters which differed among the strains. The data were coded as follows: + (positive), w (weakly positive) and HR (typical hypersensitive response in tobacco hypersensitivity)
were coded as 1; -(negative), DP (delayed positive in tyrosinase and Tween 80 hydrolysis), DR and NR (delayed response and no response in tobacco hypersensitivity, respectively) were coded as 0. Similarities were calculated by using the simple matching coefficient, which includes positive and negative matches. The strains were clustered by the unweighted average pair-group method (UPGMA)29), and a phenogram was constructed. Cluster analysis A phenogram of the 83 strains was constructed based on 20 nutritional, physiological and biochemical characters (Fig. 1) . At 78% similarity, they were grouped into seven distinct clusters (clusters A-G).
RESULTS

Identification
Characterization of each cluster (biovar) The number of strains and biovars within each cluster, which gave reactions in each test, is listed in Table  2 . Twelve characters shown in Table 3 were useful in characterizing the clusters (biovars). The strains in biovars 3 and 4 were homogeneous, and each consisted of one cluster (C and F). Those in biovars 1 and 2 were divided into two clusters, one comprised of Japanese strains and the other of reference strains. A biovar 5 strain belonged to cluster D with Japanese biovar 2 strains. One biovar N2 strain was in cluster E. Japanese biovar 2 strains (cluster D) were more similar to biovar N2 strain (cluster E) than to reference biovar 2 strains (cluster G) for acid production from trehalose and D-ribose. But the other eight characters (alkali production from L-tartrate and m-tartrate, etc.) were not completely the same as in reference biovar 2 and/or N2 strains (Table 2) . Similarly, Japanese biovar 1 strains (cluster A) were different in four characters from the type strain (ATCC 11696T) (cluster B). On the other hand, no certain differences were found between Japanese and foreign biovars 3 strains (cluster F), except for 11 isolates which atypically did not produce acid from inositol. Biovar 4 strains (cluster C) were homogeneous with a high average similarity (92%) among the strains (Fig. 1) .
Original hosts of each cluster (biovar) The original host of each strain in each cluster (biovar) was checked (Table 4) . Three biovar 1 strains (clusters A and B) were isolated only from tomato. Foreign biovar 2 strains (cluster G) were isolated only from potato, whereas Japanese biovar 2 strains (cluster D) were from five solanaceous crops (tomato, eggplant, sweet pepper, tobacco and potato). Biovar 3 strains (cluster F) were isolated from some weed hosts as well as solanaceous crops. The majority of biovar 4 (cluster C) strains were mainly from solanaceous crops, with a minority from other hosts including pumpkin, cucumber, curcuma (Curcuma alismatifolia) and ginger. Foreign Table  3 . Selected phenotypic characteristics to differentiate each cluster and biovar a) Cluster group shown in Fig. 1 and Table 2 .
b) Jp: Japanese strain; F: reference strain. c) +: all positive; -: all negative; P: positive>65%; *: included one or two exceptions. Table  4 . Original host of each cluster and biovar a) See Fig. 1 and Table 2 . b) Jp: Japanese strain; F: reference strain. c) (): Number of the strain.
biovar 5 (cluster D) and N2 (cluster E) strains were isolated from mulberry and potato, respectively.
DISCUSSION
Based on phenotypic and pathogenicity tests, we could confirm that the 83 strains used in this study were Ralstonia solanacearum. We also confirmed the phenotypic variability of the strains as reported by Hayward8,10) by examining the differences in 20 characters.
Hayward8) and He et al.11) classified R. solanacearum into five biovars based on differences in the oxidation of three disaccharides (maltose, lactose, cellobiose) and three hexose alcohols (mannitol, sorbitol, dulcitol). In Japan, Okabe and Goto22) divided Japanese strains into seven biochemical groups according to differences in the oxidation and utilization of glucose, lactose and mannitol. These two grouping systems are almost identical to one another and characterize this species. We investigated biochemical properties of the tested strains in detail and showed that Japanese strains were divided into four biovars, of which biovars 4 and 3 were most common. Similarly, Ozaki and Kimura23) reported that 178 isolates from solanaceous vegetables were divided into four biovars (1) (2) (3) (4) , in which biovar 4 was most common (71%).
Biovar 3 is known for its wide host range8). It has been isolated from many weed hosts as well as strawberry, bird-of-paradise, sesame, perilla, statice, kalanchoe, Eustoma russelianum2) and solanaceous crops in Japan. Our experiment also showed that most strains from weed hosts and tobacco belonged to biovar 3 (Table 4) . On the other hand, biovar 4 was mostly isolated from tomato, eggplant and potato. The higher incidence of biovar 3 in our experiment might be caused by the use of isolates from some weed hosts and tobacco in addition to solanaceous vegetables.
Phylogenetic analysis of the strains revealed seven major clusters which almost corresponded to each biovar (Fig. 1) . Biovars 3 and 4 each consisted of one cluster and showed a high similarity of phenotypic characters within each biovar. On the other hand, biovar 2 was composed of two clusters and was dissimilar between foreign and Japanese strains (Fig. 1) .
In South America, Mann and El-Nashaar18) and French et al.4) reported biochemical and pathogenic differences between highland (Andes) and lowland (Amazon) biovar 2 strains. The Andes biovar 2 mainly affected potato and corresponded to race 3, whereas the Amazon biovar 2 affected various plants besides potato and was subsequently designated as biovar N25).
Biovar N2 is characterized by its utilization of trehalose, inositol, D-ribose and high pectolytic activity10). In our experiment, Japanese biovar 2 strains (cluster D) all utilized these three carbohydrates, and were similar to biovar N2 (cluster E) rather than to the typical biovar 2 (cluster G). Similarly, Katayama and Kimura13) analyzed phenotypic characteristics of potato biovar 2 strains isolated at Nagasaki prefecture, and the characters were almost identical to our results. However, biovar N2 has been reported mainly in South America, and several phenotypic differences between biovar N2 and Japanese biovar 2 could be found (Table 2) . Alkali production from L-tartrate and m-tartrate in particular distinguished Japanese biovar 2 from foreign biovars 2 and N2. For further clarification, we need to compare Japanese biovar 2 strains with more biovar N2 strains.
In Japan, biovar 1 is rarely isolated, and only a few strains have been recorded so far22,23). Our analysis showed differences between Japanese biovar 1 strains and a reference strain (ATCC 11696T) with each belonging to a distinct cluster.
Biovar 3 is more homogeneous than biovar 2 or biovar 1. Nevertheless, some characteristic differences among strains were found. For example, utilization of inositol is a stable character of R. solanacearum. But 11 strains of biovar 3 from tobacco and Kalanchoe sp. atypically did not utilize it. Similarly, inositol-negative biovar 3 has been isolated from strawberry6), sesame6) and Eustoma russelianum (data not shown) in Japan. These strains having unique hosts might be distinct from others and might consist of a subgroup within biovar 3. On the other hand, biovar 4 strains had comparatively uniform characters, and its homogeneity was certified by cluster analysis (Fig. 1) .
Our phenotypic test and cluster analysis showed that current biovar classification could distinguish each phenotypic group of Japanese strains, but could not differentiate between the Japanese strains and the foreign strains. Particularly, biovar 2 strains were variable. If we use biovar classification, we should consider the differences between the Japanese strains and the reference strains.
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